Dynamical flexibility and proton transfer in the arginase active site probed by ab initio molecular dynamics.
We have used ab initio molecular dynamics (AIMD) to investigate the dynamical flexibility of the bridged binuclear structural motif in the active site of arginase. Dynamical transformations play a crucial role in catalysis. We have provided direct insight into the motions of the first-shell ligands with emphasis on the chelating and bridging carboxylates. In the case of the terminal Asp234 residue we observe changes in the binding mode (carboxylate shifts). AIMD dynamics of sufficient duration has allowed us to observe proton transfer from the bridging nucleophile to the catalytically essential Asp 128 residue and to map the underlying free energy surface in terms of simple reaction coordinates, such as the oxygen-oxygen distance Ro-o and the asymmetric stretch delta. This has provided valuable insight into the nature of the last step of the catalytic cycle. In addition, constrained molecular dynamics permitted us to compare the deprotonation free energy of the bridging nucleophile in the case of native versus metal-depleted arginase.